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Abstract. The magnetic properties of NdCo,Ge; have been investigated. An abnormal magnetic
transition occurs at room temperature. The magnetic field aligned XRD pattern implies that this
phenomenon originates from the anisotrophic change by the (110) and (011) planar rotations driving
by the applying magnetic field.

Introduction

The series of RT,X, (R=rare earth; X=semiconductor) have received much attention due to their
complicated low temperature magnetic properties such as metamagnetic, antiferromagnetic, Pauli
paramagnetic, commensurate—incommensurate magnetic phase transition>®. As for NdCo,Ge,
previous neutron diffraction studies were mainly focused on the low temperature magnetic
properties. Two low temperature magnetic transitions have been observed in NdCo,Ge,'® ", one
was suggested to be an antiferromagnetic transition at low temperature, and the other was suggested
to be an anisotropic transition from incommensurate to commensurate. However, the room
temperature magnetic properties could not be studied due to the limitation of measurement
temperature (0-250K and 0-300K). In this study, the magnetic properties of NdCo,Ge, have been
systemically investigated.

Experiment Methods

The sample with a nominal composition of NdCo,Ge, was prepared by arc-melting under a
protective ultra-pure argon gas, and followed by annealing process at 1073K for one week in an
evacuated quartz tube. The purity of the raw elementary was better than 99.9%. The crystal
structure of NdCo,Ge, was determined using powder X-ray diffractometer (Rigaku G/max 2500,
using CuKal radiation). The temperature dependence of magnetization (M-T) was measured on a
SQUID magnetometer at a field of 5kOe in temperature range from 5 k to 380 K. The field
dependence of magnetization (M-H) at room temperature about samples before and after aligned
(aligned at a magnetic field of 0.5T) was measured with a vibrating sample magnetometer (VSM)
with applying the field rang from 0 to 30KOe, for aligned sample we measured two directions of
parallel and perpendicular to the applied magnetic field.

Field-cooled (FC) M-T Analysis

The field-cooled (FC) M-T curve is shown in Fig.1. Three magnetic transitions have been
observed in NdCo,Ge,. This might originate from the exchanging interaction between the isolated
Co spins or 4f electron spins of Nd with the surrounding conduction electrons. The second magnetic
transition might be interpreted as a skyrmion effect induced by the topological state of Co spin
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alignment, which could lead to the magnetic anisotropy change from the multiaxial to the triangle
cone.
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Fig.1 The Temperature Dependence of Magnetization
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Fig.2 XRD Patterns for NdCo,Ge, before and after Alignment

Field Aligned X-ray Diffraction Analysis

In high temperature regime, an anomaly magnetic transition occurs at room temperature. To
understand this phenomenon, we measured XRD patterns of NdCo,Ge, samples before and after
magnetic field alignment, the results are shown in Fig 2. It is noticed that the peaks of (1 1 0), (22 0)
and (0 1 1) significantly weaken and even disappear after the field alignment process. It implies
these planes might have intrinsic moments, and rotate to the direction of applied field by the driven
force of the magnetic field, resulting in the magnetic anisotropy.

M-H at Room Temperature

The field-dependent magnetization of NdCo,Ge;, at room temperature is shown in Fig3. The
curve before aligned is almost perfectly linear reaching 0.42emu/g at 30KOe. However, after
aligned, it shows mixture of paramagnetic and ferromagnetic. The inset detailing the low field
region implies the anisotropic field is in vicinity of 2.7KQOe. The figure line which represents the
magnetization of H perpendicular to the axis is higher than the other line, then we can infer that in
the sample the direction of perpendicular to H is more easier to be magnetized.
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Fig.3 Magnetization vs Field
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Fig.4 Fitting of Field-dependent Magnetization

Fitting of M-H

In Fig.4, we have fitted the three curves with two curtain equations. The magnetizing curve for
NdCo,Ge; before and after aligned follow equationl and 2 respectively:

M=%H (1)
M=Ms (-a/H) + ¥ H 2

Where 4 represent the susceptibility, Ms is the saturation moment and a is a parameter related to
the applied field. In equation 2, the first and second terms could be considered to be the contribution
of ferromagnetic and paramagnetic, respectively. The fitting parameters are listed in Table 1. The
results imply the susceptibilities of NdCo,Ge, after aligned have decreased in both of the two
directions. This might result from the induction of the applied magnetic field.

Tab.1 Fitting Parameters of Magnetization vs Field at Room Temperature

Aligned
Sample Before aligned -

Perpendicularto H o 10 H
Equations M=y H M=Mq(-a/H)+ y H M=Ms(-a/H)+ y H
Reduced Chi-Sqr 3.64322E-6 1.9672E-6 6.38051E-7
Adj. R-Square 0.99978 0.99982 0.99994
x (emu/g- Oe) 1.471538.865E-9 1.1141E-5#1.701E-8 1.0943E-5#1.073E-8
Ms(emu/g) 0.0561344.3065E-4  0.06585+2.87887E-4
a(Oe) 1410.949427.30246  1883.37029+17.0593
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Conclusion

In conclusion, NdCo,Ge, shows an anomaly magnetic phase transition occurs at room
temperature, it might be due to the in-planes magnetic anisotropies of (1 1 0), (2 2 0) and (0 1 1)
planar orientations driving by the external magnetic field.
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